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PROBLEM TO BE SOLVED: To optimize controllability in 
a central magnetic field region of a response curve by 
positioning an insulation tunnel layer between a fixed 
ferromagnetic layer and a free ferromagnetic layer on a 
board and positioning a non-ferromagnetic surface phase 
layer between an insulation tunnel layer and one of 
ferromagnetic layers. 

SOLUTION: An Al 2 0 3 tunnel/barrier layer 20 which can 
make a tunnel current flow in an almost vertical 
direction is provided between a fixed ferromagnetic 
layer 18 which is above a board 9 and is fixed in a 
proper direction when application magnetic field exists 
and a free ferromagnetic layer 32 wherein magnetization 
is freely rotative. Furthermore, a non-ferromagnetic 
surface phase layer 31 which weakens magnetic 
combination between the fixed ferromagnetic layer 18 
and the free ferromagnetic layer 32 is inserted between 
the barrier layer 20 and the free ferromagnetic layer 
32. When applied magnetic field is in a favorable range, 
the fixed ferromagnetic layer 18 contains a high 
coercive force material (ternary alloy such as CoPtCr) 
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ftmalrz\z^i\xl&i : 'tz>m®mB . 
TS^.^ y ^ l 0 li, if^itfcov^tl^-T'S) 'J, 

E6<Z5=foOi;I^CT-$)S. - 
[561] 
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[0027] ^i*>e>t>*^«te>tc, mMznt-^fr 

<, CoMNi FeO«^^g*®?SH4M5:^o^ 
rp*'JCu, Ag^AulCB^S. 7b^ ( J 
^3lSi^lS^B e>*lS0>te. C o i F e fi 

#M#l5tT->t)^^J/^S^^GMRS:^-ro 
[0 0 2 8] Z\ZX&*mtZmLt=. (010) 

MTj^fit 53mm^y±^>mnLxm'b^ (f 

cc) Mn-FeCD^fiSrffi-rfcib, SSSlKtt^^W 
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rxm 1 6 &jg^&T^±mj^-e*u£ mm/* 

5. Mn-Fe <Bm3&±aWmt3^ntt£&Pfc 
&CTVKo2>^3=&1-.2>. f cc(DMn-Fe£lWg 

^-fTX^ffCtLTWu miJNi-Mn, Mn-I 

[0 0 2 9] 33.13£^ ££01 OlC^L/cMTJfSi 
-y-li, Al 2 0 3 S>*;i/- A'J7J§2 0<z>±aiSi:iJfi§£ 

mm 3 2<Dr<SK:^mmMimx^ti^ m&tt io 

fc, ¥y±«b%s$mM 18£b V%)V • /tUTJf 2 00 
W5lz#mS&MZmALT%M&X'ZZ>. nfttC 33 

lC^>ih&f£8H3Jil 8&J*o#. ^tttfcfifSDJCi 
EKBBattW 3 2 &8feifU 7£{c h>*;i, • AVTM2 

o , ^>it«>§&&f3Ji 1 8 sz^s^js^ 1 6 

li. ^*^2f^ictiiai otc^L£MTJ^i:iiS« 

at-s-5. * h • /tu rmnmzimmm*: 

>h#, ®i 6^-r«ke>^ £888H£i£©#®£gs 
m^m^mz^ vmfetsnzB&z&m-rzzttf 

tmmiz. *0)®m<m$mj5W,zii*)w&iLtz.\±\± 
y±^^^\z. m^oym^^mmm^tj. 
**jii 8 n <Dz<Dmm^m.\t-^nm^izis.\,^m<D 

S8»K4fcHl:IU Co&tfCoP tCr©H5tr££ (Co 
75Pti2Cri3^) , C o C r T a (Z>= jtr^. CoP 
t CD— Jl£ &^ flfiOTT^tO^T'^S. 0 1 6 (of; 

•ti:e>tc, jii 8"<mm*. *tum&+&i/-FM 
1 2"tc<t v&mz&i-mz. ffiiAtfc o p t c r icii 

«<fc2/- KJfliC r <DMT'&2>. 
[0 0 3 0] £i:«>i;LT, ^^omeKlcffiLT^T 

[oo3i] (i) mmi#&&t&tii*msjwm 40 

<4®$:^t^2®®i:, mmi'm.nmssm&m 

issmtm £ § mmmmizmmm*i5ftiz b y*n> 
wfazm-z\£<DT>i2z>imby*jvm£* msmh 
y*Kmt.ms3$mjga> 1 o©R3ic&suac>-e*ie> 

fs$£iRxf&2<Dwm. vy*)\,m. Mtfizmmm 50 
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( 2 ) ttfi mjtssmm t s a^aassows^f fc^isiii, 

lata (l) IS®O^N>*;i^^^o 

saia u> is@(Z)S3^ h > * jvmsm*. 

(4) S&1Bm@iI©@£®S£i£®£S&fcU iSIEB^ 

tt® fc-g-fr, stiia ( 1 ) -ga«©?KS?L N 

(5) S3iBB5£388fflgJi. fftto&JfWi&Si:^ -g-© 

mttfz&mmvmsMfi&izi: *j 
fc*g£<z>«B£fr#&5, tufa (i) iai8©*&$ch>* 

(6) saiasgimisii, iMEtts^ffiiisiesh^^j! 
<Dmiz®M-tz>. Sine (1) WM<msiby*;im?m 

(7) t&gsam&mwmis* msmby^^Av 

iwa (i) t?mom& b y*)vmm?-. 

(8) safa i fi^^ts® o^a^ co, co©^, 

»0fN i F e ©^T'^ft£y;i/-^e,aR$tl 

■5, stria (7) Mffi<D^by*n&$m&. 

(9) SSfiB^^S^BSCDfeHli, Cu, Ag, Rff 
A u S5I3 (1) 

RM<zm%. b y^jvm^m^ 

(1 0) 2o0WlS;fU ^S^^t^^U • 

?&m&*)/m&wm\zim&fttdi!si7 w tc«m^ 
^hv^i^^^u -tK-feot, striae 

h^aafcEHgBrsgJifciE&^Kiiiii:, mmzsmm. 
Mtmm&m?m&M<z>mz®m.u mms&sm&m 

^ h • ai> 7^^Sffia^?KSJi® 1 o©r^ces 

Mt. .fcoTStria^fS^^sgsiu/aii*® 
^r6»cs&faiiifi^ h • 7*fe«(sn5««tot«- 

SS^^iti, S5faeB&!tJSaH4®(Wf^*fet±i3»¥« 
^-^^htCfcoTS^^tU ioTSSfam^MaCO 
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(id immtmrnrntrnkLx. w-mzmt&iz 
nir&msmmz^ti. tuiB (i o) i2®co^h> 

(12) luiSS^^Ii^li. ffi&o&lfctofcsi:^ * 

^«c*:gscDfiaaa;S:»o. ttna (i o) iB^wa^h 
d3) ffl&mmmmmi*. $mm b • a 

ma (i o) fB^gJetN i> • iz;i/. 

(14) l«^BeB&SB5Sf4®Ofeftli, Co, CoO^ 
& RZfti i F e©^:T'^3tLfey;U-^e>^ 

sns, mm (i 3) i23$£©^h>*;i^£-*=Ey • 

(15) |&I2#I£8^ffiMa>feHl±. Cu. Ag, S 

o) mmcom& by*;i>m$* =e u 
(1 6) *ap^£&ffil-s^h>*;i^£^iz> 

ommns mamtfte^tg. ^-*yb&mm& 
mmmcD^-* y b tzmmtaKim^iMs, &mz 

b imgm&injjfafr e>n*vs «fc e> e mzm&sim*. s 
mmmmt. rnim^w^t&mmmmoymz 

1 oroWU -en&ii^MLT, ops 
Lrejaaifi«i*iRioiiBEiM« • ;<y tji&ss 

(17) ft(IEH£&8H£®i:&«&UT, jmtmt&iz 
«>1-Sfi3fflS»tt«S:*tr. fifflB (1 6) fE@<D8$&h> 

(is) imssMmssmtt. ftrnztizn-mmm 

*<Dmm<DmsM%mz& *m%.zti2>cnzftfr*±g 
zoymzjizw-o. ttfiB (i 6) &m<D%mby*)v& 
-k-ty-*. 

(19) &fi2#8B8H4#@/gli, twaa»h>*^/- A 
fc, ttrfiB (l 6) %m<msa.by*)\&&*y-V: 
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(20) tfrfg s m&mmvwn^ co. co®^ 

& RXfN i F eCD^T^$^fe^-^f>^ 

t&ia (19) ia®©^h>*;i^i2>-9-„ 

(2 1) m§B3¥&mmffiM<Mmit> Cu, Ag, 25: 

t>*Au-c^snfe^;i/-^e>^$^5, tola (i 

6) fEfScwasch>*;i^-fe>-9- d 
[0®©fSpi&18E8] 

[01] ftic3l/8L£ffi^tcftv\ *^y --b;HCMv% 

sfc«?>^$n. mt jmttmmmmt.p3\z&B&. 

So 

s *u mtj mttmw&mmpuz g ass 

01tM^)MTJ^^)»rE0T*fe5. 

[04] mz3imhfcmmizfc\,\ wfwuzm^&k 

[05] 3fcC5lfflLfcflaWcf£v\ aWttffiCffl^Sfc 

[06] 01©MTJ*?-«^6«-r*JiCDHT?*6. 
[07] 06©MTJ3ft^^«J*«^^f&S:ffl|g 
£jaVr0T'&-£>. 

[08] 0 7 CD«^S7tf^ffi^O-tf D^^£(DfIi|K 
[09] J2©¥«f^fc^fc»Cj:aMT JSH^SSBS 

[010] 06<dmt jmtt>m£ttmtzt-&b. *»• 

igOMT J $r^1-0T'«>S. 
[01 1] m8tim*Z>f-6b* by*)l-AV7MlZ 

m&h^cu(D^mmmm(Dw^\zmhx. 
[0i 2] 08£Jtt8rr&fc», h>^;i/-^yy®{c 

«S5:^-r0T-^.S. 
[01 3] 08i:it^-r-5fe«?), h>*;b- A«JTMtC 

[014] cufmM<Dm&<Dm®.£Lx. i&moM 

T JO h >*;wa^*t$:^0T-fe-5. 
[015] 09 tJt$!rf M©¥S&!)^V^3^ 
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